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© Automatic control system for lighting projector. 
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© A radio wave signal is transmitted from a radio 
wave transmitter according to a command from a 
central control unit, and a supersonic wave is trans- 
mitted from a supersonic wave transmitter held by a 
moving object according to this radio wave signal. A 
time counter in a supersonic wave detecting device 
determines the time required from the transmission 
of the radio wave signal to the detection of the 
supersonic wave. A coordinate position of the object 
is calculated on the basis of the thus-obtained time 
data from a plurality of the supersonic wave detect- 
ing devices and positional data of the supersonic 
wave detecting devices to control the lighting direc- 
tion of a lighting projector according to a command 
signal from the central control unit referring to a 
positional data of the lighting projector. In the case 
of a plurality of moving objects, supersonic wave 
transmitters are separately held by the objects, and 
radio wave signals identified correspondingly to the 
supersonic wave transmitters are alternately trans- 
mitted from the radio wave transmitter. The super- 
sonic wave transmitters detect the radio wave sig- 
nals identified correspondingly thereto, thereby 



transmitting respective supersonic waves. 
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BACKGROUND OF THE INVENTION 

i) Field of the Invention: 

The present invention relates to an automatic 
control system for lighting projectors which serve 
to light up a theater, studio, hall or the like for 
purposes of stage effects. 

ii) Description of the Background Art: 

In stage lighting for a theater, it is generally 
necessary to topically light up a specific place on a 
stage by a lighting projector, for example, a spot- 
light or the like for the purpose of realizing desired 
stage effects. If an object to be lit up on the stage 
is a moving one such as a person or the like, or a 
specific place is lit up on the basis of such a 
moving object, it is necessary to control the lighting 
projector according to the movement of the object 
so as to shift its lighting direction. 

Usually, the lighting direction of such a lighting 
projector has heretofore been controlled by an op- 
erator of the lighting projector while visually ob- 
serving the movement of the object. 

In the control of the lighting direction of the 
lighting projector by the operator, however, the 
operator is required to be skilled in operating tech- 
nique, and it is very difficult to reliably conduct the 
intended control of the lighting direction for a long 
period of time because of difference between in- 
dividual operators in technical skill, operator's fa- 
tigue and the like. In addition, a plurality of lighting 
projectors are often used in lighting of this sort, 
and if so, the same number of operators as the 



lighting projectors are required. 

In Japanese Patent Application Laid-Open No. 
33802/1989, there has hitherto been proposed an 
automatic tracking apparatus for a spotlight, which 
serves to track an moving object for lighting. 

This apparatus includes a supersonic wave 
transmitter held by a moving object to be lit up and 
adapted to reliably generate a supersonic wave at 
regular intervals by a clock oscillator, a plurality of 
supersonic wave sensors for detecting this super- 
sonic wave, another clock oscillator in a control 
unit, which transmits a wave having a frequency 
closely similar to that of the clock oscillator held by 
the object, a time difference detector for detecting 
a time difference between the clock signal from the 
clock oscillator in the control unit and the clock 
signal from the supersonic wave sensor, a comput- 
ing element for operating a distance between the 
supersonic wave sensor and the object on the 
basis of the time difference signal to locate the 
position of the object, and a control unit for control- 
ling the lighting direction of the spotlight according 
to an output of the computing element. 



According to this apparatus, positional data of 
the moving object can be obtained theoretically. 
Therefore, the lighting projector can be controlled 
to automatically shift the lighting direction thereof, 
5 thereby tracking the moving object to light up it. 

In practice, this apparatus however involves the 
following problems: 

(1) The frequencies in the supersonic wave 
transmitter held by the moving object and the 

w clock oscillator in the control unit must be caus- 
ed to approximate to each other with high preci- 
sion. In practice, however, it is considerably 
difficult to achieve this approximation. This dif- 
ficulty becomes greater as the number of mov- 

75 ing objects increases. The solution of this prob- 
lem requires additional signal processing means 
such as synchronization of a plurality of clock 
oscillators by radio wave signals. 

(2) When the apparatus is applied to a plurality 
20 of moving objects, it is necessary to use super- 
sonic waves having frequencies separately 
preset on the moving objects and correspond- 
ingly, employ supersonic wave sensors corre- 
sponding to the preset frequencies. In this case, 

25 additional signal processing means are required 
for the individual frequencies. Therefore, the 
above-described difficulty becomes more and 
more marked. 

(3) The necessity of the above-described addi- 
30 tional signal processing requires complicated 

signal processing for obtaining a positional data 
for each moving object and hence prolongs the 
time required for the control. As a result, the 
time density of the resulting positional data in- 
35 evitably be comes lo w , l eading tn I n ns e contro l - 



45 



of the lighting projector in the end. 
As described above, the conventional control 
systems for lighting projectors require complicated 
constitution and signal processing and consequent- 
40 ly involve a problem that control of the lighting 
projectors according to the movement of moving 
objects cannot be achieved with high precision. 



SUMMARY OF THE INVENTION 



It is an object of the present invention to pro- 
vide an automatic control system for a lighting 
projector, which can achieve control of the lighting 
projector with high precision according to the 
so movement of a moving object by simple constitu- 
tion. 

Another object of this invention is to provide an 
automatic control system for one or more lighting 
projectors, by which even when the control system 
55 is applied to a plurality of moving objects, the 
control of the lighting projectors can be achieved 
with high precision for the individual objects. 
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In an aspect of the present invention, there is 
thus provided an automatic control system for a 
lighting projector, comprising: 

a central control unit; 

a radio wave transmitter for transmitting a radio 
wave signal according to a transmission command 
signal from the central control unit; 

a supersonic wave transmitter held by a mov- 
ing object and adapted to transmit a supersonic 
wave by detecting the radio wave signal; 

a plurality of supersonic wave detecting de- 
vices each having a time counter which is initial- 
ized by a start command signal from the central 
control unit to start instrumentation, adapted to stop 
the instrumentation of the time counter by detect- 
ing the supersonic wave transmitted from the su- 
personic wave transmitter, and disposed in different 
stationary positions; and 

a lighting projector provided in a stationary 
position and having a drive mechanism for shifting 
its lighting direction, 

said central control unit including: 

a timing-system control part, which sends out a 
transmission command signal to the effect that a 
radio wave signal is intermittently transmitted, to 
the radio wave transmitter, and at the same time as 
the sending of the transmission command signal, 
the start command signal to the time counters in all 
the supersonic wave detecting devices; 

an arithmetic part for calculating a coordinate 
position of the object in a space coordinate system 
preset on the basis of time data according to the 
time determined by the time counters in the super- 
sonic wave detecting devices and positional data 
according to coordinate positions occupied by the 
supersonic wave detecting devices in the space 
coordinate system; and 

a lighting control part for sending out a com- 
mand signal for control of the lighting direction of 
the lighting projector on the basis of a positional 
data according to the thus-calculated coordinate 
position of the object and a positional data accord- 
ing to a coordinate position of the lighting projector 
in the space coordinate system. 

In another aspect of the present invention, 
there is also provided an automatic control system 
for lighting projectors, comprising: 

a central control unit; 

a radio wave transmitter for transmitting radio 
wave signals according to transmission command 
signals from the central control unit; 

supersonic wave transmitters separately held 
by two or more moving objects and adapted to 
transmit respective supersonic waves by detecting 
the radio wave signals identified correspondingly to 
the supersonic wave transmitters; 

a plurality of supersonic wave detecting de- 
vices each having a time counter which is initial- 



BNSDOCID: <EP 0591B99A1_1_> 



ized by a start command signal from the central 
control unit to start instrumentation, adapted to stop 
the instrumentation of their corresponding time 
counters by detecting the supersonic wave trans- 

5 mitted from the supersonic wave transmitter, and 
disposed in different stationary positions; and 

at least one lighting projector provided at sta- 
tionary position and having a drive mechanism for 
shifting its lighting direction, 

w said central control unit including: 

a timing-system control part, which sends out a 
transmission command signal to the effect that 
radio wave signals identified correspondingly to the 
supersonic wave transmitters are transmitted al- 

75 ternately, to the radio wave transmitter, and at the 
same time as the sending of the transmission com- 
mand signal, the start command signal to the time 
counters in all the supersonic wave detecting de- 
vices; 

20 an arithmetic part for calculating coordinate 

positions of the objects in a space coordinate sys- 
tem preset on the basis of time data according to 
the time determined by the time counters in the 
supersonic wave detecting devices and positional 

25 data according to coordinate positions occupied by 
the supersonic wave detecting devices in the space 
coordinate system; and 

a lighting control part for sending out their 
corresponding command signals for control of the 

30 lighting directions of the lighting projectors on the 
basis of positional data according to the thus-cal- 
culated coordinate positions of the objects and 
positional data according to coordinate positions of 
the lighting projectors in the space coordinate sys- 

35 tern. 

In the system of such constitution according to 
the first aspect, the radio wave signal is transmitted 
intermittently from the radio wave transmitter ac- 
cording to the transmission command signal from 
40 the central control unit. When this radio wave sig- 
nal is detected, a supersonic wave is transmitted 
from the supersonic wave transmitter held by the 
moving object. At the same time, the time counters 
in all the supersonic wave detecting devices are 
45 initialized according to the start command signal 
from the central control unit to start timing, thereby 
separately determining the elapsed time until the 
supersonic wave from the supersonic wave trans- 
mitter is detected by the supersonic wave detect- 
so ing devices. 

However, since the time required until the radio 
wave signal from the radio wave transmitter 
reaches the supersonic wave transmitter can be 
substantially omitted, the time determined here is 
55 substantially the time required until the supersonic 
wave reaches each supersonic wave detecting de- 
vice from the supersonic wave transmitter. Accord- 
ingly, the time data according to the time deter- 

3 



5 



EP 0 591 899 A1 



mined serves as a data indicative of a distance 
between the object and the supersonic wave de- 
tecting device. 

In the arithmetic part in the central control unit, 
a coordinate position of the object in the space 5 
coordinate system is calculated on the basis of the 
time data from a plurality of the supersonic wave 
detecting devices and the positional data according 
to the coordinate positions occupied by the super- 
sonic wave detecting devices in the space coordi- 10 
nate system. Further, a command signal for control 
of the lighting direction of the lighting projector is 
sent out of the central control unit on the basis of a 
positional data according to the thus-calculated co- 
ordinate position of the object referring to a posi- 15 
tional data according to a coordinate position of the 
lighting projector in the space coordinate system, 
thereby controlling the lighting projector so as to 
light up a desired position on the basis of the 
object. 20 

In the second aspect in which the control sys- 
tem is applied to a plurality of moving objects, the 
supersonic wave transmitters are separately held 
by the objects. Radio wave signals identified cor- 
respondingly to the supersonic wave transmitters 25 
are transmitted alternately from the radio wave 
transmitter according to transmission command 
signals from the central control unit. At the same 
time as the sending of the transmission command 
signal, the central control unit sends out a start 30 
command signal to the time counters in all the 
supersonic wave detecting devices. In the super- 
sonic wave transmitters, respective supersonic 
waves are transmitted by detecting the radio wave 
signals identified correspondingly to the supersonic 35 



wave transmitters. 

According to such constitution, the supersonic 
wave transmitters held by the individual objects are 
specified by the identified radio wave signals as- 
signed in the central control unit. Therefore, it is 40 
possible to identify the supersonic wave transmitter 
held by the object as functions with the time data 
from the supersonic wave detecting devices, there- 
by permitting control of the lighting directions of 
the lighting projectors on the basis of the objects. 45 

According to the automatic control systems for 
lighting projectors of the present invention, a co- 
ordinate position of an object which holds a super- 
sonic wave transmitter, in a space coordinate sys- 
tem can be reliably calculated by a simple informa- 50 
tion processing making good use of the character- 
istics of radio wave and supersonic wave. A lighting 
projector is controlled on the basis of this data. 
Therefore, using a moving object as a basis for 
position, such an object or a place standing in a 55 
certain positional relationship to the object, namely, 
a place standing in a constant positional relation- 
ship even if the time goes on or in a positional 



relationship varying with time can be lit up. In 
addition, since information can be processed sim- 
ply, the time density of the control operation can 
be increased with ease. As a result, the lighting 
direction of the lighting projector can be controlled 
with high precision according to the movement of 
the moving object. 

Even if the control system is applied to a 
plurality of moving objects, supersonic wave trans- 
mitters held by the objects can be identified in the 
central control unit. With respect to the individual 
objects, the control of the lighting direction or di- 
rections of lighting projector or projectors can thus 
be achieved with high precision like the above 
description. 

The above and other objects, features and ad- 
vantages of the present invention will be readily 
appreciated from the preferred embodiments of the 
present invention, which will be described subse- 
quently in detail. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 explanatorily illustrates the constitution of 
an automatic control system for a lighting pro- 
jector according to the first embodiment of the 
present invention in a state applied to a theater; 
FIG. 2 explanatorily illustrates outlines of princi- 
pal functional parts in the control system ac- 
cording to the first embodiment and a state of 
their connection; 

FIG. 3 is a block diagram illustrating an outline 
of the constitution of a central control unit; 
FIG. 4 explanatorily illustrates a state of ar- 
ranged supersonic_w ave detectin g device s; 



FIG. 5 explanatorily illustrates the constitution of 
an illustrative lighting projector; 
FIG. 6 explanatorily illustrates a principle in 
which the position of a supersonic wave trans- 
mitter is specified by three supersonic wave 
detecting devices; 

FIG. 7 explanatorily illustrates a principle in 
which the position of a supersonic wave trans- 
mitter is specified by four supersonic wave de- 
tecting devices; 

FIG. 8 explanatorily illustrates an embodiment of 
lighting performed by a lighting projector con- 
trolled by the control system of the present 
invention; 

FIG. 9 explanatorily illustrates another embodi- 
ment of lighting; 

FIG. 10 explanatorily illustrates a further em- 
bodiment of lighting where positions standing in 
positional relationships varying with time are lit 
up; and 

FIG. 11 explanatorily illustrates the constitution 
of an automatic control system for lighting pro- 
jectors according to the second embodiment of 
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the present invention in a state applied to a 
theater. 

DETAILED DESCRIPTION OF THE INVENTION 
AND PREFERRED EMBODIMENTS 

FIG. 1 explanatorily illustrates the constitution 
of an automatic control system for a lighting projec- 
tor according to the first embodiment of the 
present invention in a state applied to a theater. 
Reference numerals 1 and 2 indicate a theater and 
a stage thereof, respectively. FIG. 2 explanatorily 
illustrates outlines of principal functional parts in 
the control system according to the first embodi- 
ment and a state of their connection. 

As illustrated in FIGs. 1 and 2, a central control 
unit 10 is provided within the theater 1. A radio 
wave transmitter 20 which transmits a radio wave 
signal R according to a transmission command 
signal sent out of the central control unit 10 is 
provided in connection with the central control unit 
10. 

Reference numeral 30 denotes a supersonic 
wave transmitter held by an object such as a 
person moving on the stage 2. The supersonic 
wave transmitter 30 is equipped with a radio wave 
sensor 31 for detecting the radio wave signal R 
transmitted from the radio wave transmitter 20, and 
adapted to transmit a supersonic wave S when the 
radio wave sensor 31 detects the radio wave signal 
R. 

A plurality of supersonic wave detecting de- 
vices 40 each having a time counter 41 are dis- 
posed on suitable stationary positions in the theater 
1, for example, ceiling, wall, floor, etc. A lighting 
projector 50 which can three-dimensionally shift its 
lighting direction is provided on a stationary posi- 
tion facing the stage 2. 

As illustrated in FIG. 3, the central control unit 
10 includes a timing-system control part 11, an 
arithmetic part 12 and a lighting control part 13. 

The supersonic wave detecting devices 40 and 
the lighting projector 50 are connected respectively 
to the timing-system control part 11 and the light- 
ing control part 13 of the central control unit 10 
either through wire or by wireless so as to permit 
their data communication. 

The timing-system control part 11 functions so 
as to simultaneously send out a transmission com- 
mand signal to the radio wave transmitter 20 and a 
start command signal to the effect that the time 
counter 41 in each detecting device 40 is initialized 
to reset and instrumentation is started, to the su- 
personic wave detecting devices 40, and moreover 
fulfills a function of receiving time data from the 
supersonic wave detecting devices 40 to send 
them to the arithmetic part 12. 



As will be described in detail subsequently, the 
arithmetic part 12 fulfills a function of calculating a 
coordinate position of the supersonic wave trans- 
mitter 30 in a space coordinate system on the 

5 basis of the time data from the supersonic wave 
detecting devices 40 and positional data according 
to coordinate positions of the supersonic wave de- 
tecting devices 40 in the space coordinate system. 
In order to perform such a function, positional 

w data according to respective coordinate positions, 
in which the supersonic wave detecting devices 40 
occupy, for example, in a three-dimensional space 
coordinate system optionally preset regarding a 
given position in the theater 1 as an origin are 

75 registered in the arithmetic part 12. These posi- 
tional data may be optionally accessed. In addition, 
a positional data according to a coordinate position 
in which the lighting projector 50 occupies in the 
space coordinate system is accessibly registered 

20 therein. 

The lighting control part 13 fulfills a function of 
referring to the positional data according to the 
coordinate position of the object, which has been 
calculated in the arithmetic part 12, and the posi- 

25 tional data according to the coordinate position in 
which the lighting projector 50 occupies in the 
space coordinate system to send out a command 
signal for control of the lighting direction of the 
lighting projector 50 to the lighting projector 50. 

30 In the above description, the radio wave signal 

R transmitted from the radio wave transmitter 20 
according to the transmission command signal is a 
signal consisting of a specific frequency compo- 
nent and acts as so-called trigger for transmitting 

35 the supersonic wave S to the supersonic wave 
detecting devices 30. No particular limitation is 
imposed on the frequency of this radio wave signal 
R, and it may be determined optionally. 

The radio wave transmitter 20 may be either 

40 provided in a position different from that of the 
central control unit 10 or united with the central 
control unit 10. 

The supersonic wave transmitter 30 held by 
the object has the radio wave sensor 31 for detect- 

45 ing the radio wave signal R transmitted from the 
radio wave transmitter 20, and fulfills a function of 
transmitting a supersonic wave S having a specific 
frequency when the sensor detects the radio wave 
signal R. The frequency of the supersonic wave 

so may preferably be selected within a range of from 
20 kHz to 80 kHz though it may vary according to 
the width of the theater 1 and the moving area of 
an object to be lit up. 

It goes without saying that the supersonic wave 

55 transmitter 30 must be potable. It is therefore pref- 
erable to use a small battery as a drive power 
source. The supersonic wave transmitter 30 may 
preferably be provided with a holding member 
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such as band by which the object can conveniently 
hold the transmitter 30, or with a pin or clip for 
fastening the transmitter 30 to a part of a costume. 

Each of the supersonic wave detecting devices 
40 includes a time counter 41 and a supersonic 
wave sensor 42, and fulfills a function of stopping 
instrumentation that has been started according to 
the start command signal, by detecting the super- 
sonic wave, thereby determining the time T re- 
quired from the transmission of the start command 
signal from the central control unit 10 to the detec- 
tion of the supersonic wave. 

A plurality of the supersonic wave detecting 
devices 40 are arranged at suitable intervals, and 
all time data obtained by the supersonic wave 
detecting devices 40 are inputted into the timing- 
system control part 1 1 . 

The number of the supersonic wave detecting 
devices 40 is at least 3, preferably at least 4. Their 
arranging condition may be suitably preset accord- 
ing to the width and structure of the theater, and 
other conditions. As illustrated in FIG. 4 by way of 
example, it is however preferred that four super- 
sonic wave detecting devices 40 arranged contig- 
uously to each other be disposed in three-dimen- 
sionally different positions so as not to cause all 
the devices to exist on a common plane. 

As illustrated in FIG. 5, the lighting projector 50 
includes an illuminator 53 having a lamp 51 for a 
light source, which consists of a xenon discharge 
lamp by way of example, and a lens 52, and 
projecting light beams in a specific direction, and a 
drive mechanism 56 having a first motor 54 for 
rotating the illuminator 53 about a horizontal axis of 
rotati on perpendicular to an optical axis L as in- 



dicated by an arrow x and a second motor 55 for 
rotating the illuminator 53 about a vertical axis of 
rotation perpendicular to the optical axis L as in- 
dicated by an arrow y. The projecting direction of 
the light beams is shifted by the drive mechanism 
56. 

Driving characteristics of the drive mechanism 
56 in the lighting projector 50 are registered in the 
central control unit 10. For example, the reference 
stop positions of the first and second motors 54 
and 55 are regarded as respective starting refer- 
ence positions. A coordinate position of a target 
position to be lit up by the illuminator 53 in the 
space coordinate system at this time is registered 
in the lighting-system control part 13 in the central 
control unit 10, and a coordinate position of a 
target position to be lit up by the illuminator 53 
when stopping the first motor 54 in the state of the 
reference position and the second motor 55 in the 
state rotated by a given angle from the reference 
position is registered in the lighting-system control 
part 13 in the central control unit 10. 



More specifically, a vector connecting the su- 
personic wave transmitter 30 held by the moving 
object and the lighting projector 50 is found on the 
basis of two vectors separately connecting these 

5 two space coordinates and the space coordinate of 
the lighting projector 50. The lighting direction of 
the lighting projector 50 is controlled on the basis 
of this vector. 

The operation of the above automatic control 

10 system for the lighting projector will next be de- 
scribed. 

The central control unit 10 sends out a trans- 
mission command signal to the radio wave trans- 
mitter 20, and at the same time a start command 
15 signal to the effect that the time counter 41 is 
started, to the supersonic wave detecting devices 
40. 

Therefore, the radio wave signal R transmitted 
from the radio wave transmitter 20 is detected by 
20 the radio wave sensor 31 in the supersonic wave 
transmitter 30, and at the same time, the super- 
sonic wave S is transmitted from the supersonic 
wave transmitter 30. 

On the other hand, the time counter 41 in each 
25 of the supersonic wave detecting devices 40 is 
initialized according to the start command signal to 
start instrumentation. The supersonic wave detect- 
ing devices 40 detect the supersonic wave S, 
whereby the instrumentation of the time counters 
30 41 is stopped. Time data according to the time 
thus determined are transmitted from the time 
counters 41 to the timing-system control part 11 in 
the central control unit 10 and then inputted into 
the arithmetic part 12. 
-35 H ere, th e t i mo T determ i ned b y each l ime " 



counter 41 is the time required from the transmis- 
sion of the start command signal to the detection of 
the supersonic wave by its corresponding super- 
sonic wave detecting device 40. However, since 

40 the time required from the transmission of the 
transmission command signal to the transmission 
of the supersonic wave by the supersonic wave 
transmitter 30 is extremely short, and hence can be 
substantially omitted, the time T determined is sub- 

45 stantially equal to the time required from the trans- 
mission of the supersonic wave by the supersonic 
wave transmitter 30 to the detection of the super- 
sonic wave by the supersonic wave detecting de- 
vice 40. Accordingly, the time data from the time 

so counter 41 corresponds to a distance d between 
the supersonic wave detecting device 40 and the 
object by which the supersonic wave transmitter 30 
is held (see FIG. 2). 

In the arithmetic part 12 in the central control 

55 unit 10, a coordinate position of the supersonic 
wave transmitter 30 in the space coordinate system 
is calculated from the velocity of the supersonic 
wave on the basis of, for example, three or four 
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time data selected from among the time data trans- 
mitted from the supersonic wave detecting devices 
40 and of the positional data of the supersonic 
wave detecting devices 40 pertaining to these time 
data. 

In case that a number of supersonic wave 
detecting devices are provided, time data to be 
selected are preferably selected in order of the 
determined time T, beginning with the shortest, in 
the time data from all the supersonic wave detect- 
ing devices 40, or in order of the energy, beginning 
with the greatest, of the supersonic wave detected 
in the supersonic wave detecting devices 40. The 
time data shortest in the determined times T or 
greatest in the energy of the detected supersonic 
waves are obtained from the supersonic wave de- 
tecting devices 40 located in regions nearest to the 
object. Therefore, such selection of the time data 
can reliably avoid the detection of noise supersonic 
waves forming the cause of error, such as super- 
sonic waves reflected by the wall of the theater 
and/or the like. 

In the case where three time data are used, the 
coordinate position of the supersonic wave trans- 
mitter 30 can be calculated in accordance with the 
following principle: 

Namely, as illustrated in FIG. 6, distances be- 
tween three individual supersonic wave detecting 
devices 40 and the supersonic wave transmitter 30, 
which are calculated on the basis of the time data 
detected by these supersonic wave detecting de- 
vices 40, are regarded as r1, r2 and r3, and the 
positions of the supersonic wave detecting devices 
40 are assumed to be P1, P2 and P3, respectively. 
At this time, the position of the supersonic wave 
transmitter 30 must be present on intersections of 
three spherical surfaces S1, S2 and S3, of which 
centers and radii are points P1, P2 and P3, and 
distances r1 , r2 and r3, respectively. 

More specifically, a set of intersections of two 
spherical surfaces S1 and S2 forms a circle which 
is illustrated as an ellipse H indicated by oblique 
lines in FIG. 6. The intersections of this ellipse and 
the spherical surface S3 are equal to the intersec- 
tions of the three spherical surfaces. 

Accordingly, it is only necessary to set up 
simultaneous equations which express such three 
spherical surfaces Si, S2 and S3 in the space 
coordinate system, and solve them 50 as to find 
their solutions. The number of the solutions ob- 
tained here is 1 or 2. When 2 solutions exist, a 
more rational solution is selected in consideration 
of other conditions, for example, the level of the 
object in a height direction. 

In the case where four time data are used, as 
illustrated in FIG. 4, coordinate positions of four 
supersonic wave detecting devices 40 in an XYZ 
space coordinate system are regarded as 



(x1.y1.z1), (x2,y2,z2), (x3,y3,z3) and (x4,y4,z4), and 
a coordinate position of the supersonic wave trans- 
mitter 30 is assumed to be (x,y,z). At this time, 
distances d1 , d2, d3 and d4 between the super- 
5 sonic wave transmitter 30 and four individual super- 
sonic wave detecting devices 40 are represented 
by the following respective equations: 



(1) 


(d1) 2 


= <x-x,) 2 


+ 


(y-y,) 2 + (z-z,) 2 


(2) 


(d2)2 


= <x-x 2 ) 2 


+ 


(y-y 2 )2 + (z-zz) 2 


(3) 


(d3) 2 


= (x-x 3 ) 2 


+ 


(y-y 3 J 2 + (z-za) 2 and 


(4) 


<d4) 2 


= (X-X4) 2 


+ 


(y-y) 2 + (z-z*) 2 



Therefore, the above equations are solved as 
to. x, y and z, whereby the coordinate position 
(x.y.z) of the supersonic wave transmitter 30 can 

20 be calculated exactly. 

The lighting direction of the lighting projector 
50 is controlled according to a command signal for 
control of the lighting projector from the lighting 
control part 13 in the central control unit 10 on the 

25 basis of the thus-calculated positional data of the 
supersonic wave transmitter 30 according to the 
space coordinate, the positional data of the lighting 
projector 50 according to the space coordinate and 
the drive characteristics of the drive mechanism 

30 56. As a result, the lighting of a place on the basis 
of the object can be achieved. 

In the above description, the time counter 41 in 
each supersonic wave detecting device 40 can 
time with precision of, for example, about 0.0001 

35 sec. Therefore, this precision participates in the 
error range in the positional data of the supersonic 
wave transmitter 30. However, since the propaga- 
tion velocity of the supersonic wave in the air is 
about 340 m/sec, the error in distance on the stage 

40 is 3.4 cm even in the greatest. Accordingly, the 
coordinate position of the supersonic wave trans- 
mitter 30, i.e., the object can be determined with 
extremely high precision. 

The time required for one control operation, 

45 namely, the time required from the time the central 
control unit 10 transmits the transmission com- 
mand signal to the time the lighting direction of the 
lighting projector 50 is controlled is about 50-200 
msec by way of example though it may vary ac- 

50 cording to the distance between the supersonic 
wave transmitter 30 and the supersonic wave de- 
tecting device 40. This means that the transmission 
of the transmission command signal by the central 
control unit 10, in other words, the transmission of 

55 the radio wave signal can be performed at time 
intervals of about 5-20 times per second, i.e., time 
intervals as short as 200 msec or less. According 
to the first embodiment of the present invention, 
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the control of the lighting direction can thus be 
executed with an extremely high time density. 

When the time density in the transmission of 
the transmission command signal by the central 
control unit 10 is preset to 20 times per second, 
the time interval thereof is 50 msec. Therefore, it is 
necessary to complete the transmission of the 
command signal for control of the lighting direction 
and the control of the lighting projector 50 accord- 
ing to this signal within this time period, and hence 
to limit the permissible instrumentation time in the 
time counter 41 of each supersonic wave detecting 
device 40 to less than about 50 msec at the 
longest. 

The range of the distance that the supersonic 
wave attains within the longest instrumentation time 
in the time counter 41 is a detectable region cov- 
ered by the supersonic wave detecting device 40. 
Therefore, when the longest instrumentation time of 
the time counter 41 is preset to 45 msec, the 
detectable region of the supersonic wave detecting 
device 40 is a spherical region with a radius of 15.3 
m since the propagation velocity of the supersonic 
wave in the air is about 340 m/sec. 

As understood from the above description, ac- 
cording to the automatic control system for the 
lighting projector, the supersonic wave from the 
supersonic wave transmitter 30 is detected by all 
the supersonic wave detecting devices 40. 

However, since the length in time determined 
in each supersonic wave detecting device 40 varies 
according to the position of the supersonic wave 
transmitter 30, namely, the position of the object, 
the coordinate position of the object in the space 
coordinate system is determined, where by the, 
lighting direction of the lighting projector 50 is 
controlled. Therefore, the lighting can be achieved 
using the object as a basis for position. 

Moreover, since the lighting direction of the 
lighting projector 50 can be controlled at least 5 
times, preferably at least 10 times per second, 
desired lighting can be conducted with fidelity to 
the movement of the object with high precision 
even when the object moves at a considerably high 
speed. The movement of a lighting position can 
also be conducted extremely smoothly. 

In the supersonic wave transmitter 30, the su- 
personic wave is transmitted only at the time the 
radio wave signal is transmitted from the radio 
wave transmitter 20, and not transmitted constantly 
and continuously. Therefore, the electric power 
consumed is slight, and even when a battery is 
used as a power source, long serviceable time can 
be achieved. 

The lighting by the lighting projector 50 can be 
performed, specifically, in various forms making 
use of the object as a basis for position. 



The simplest form of the lighting is to directly 
light up a moving object. In this case, the direction 
of the lighting projector 50 is controlled in the 
direction of the calculated coordinate position of 

5 the object. 

When two or more lighting projectors 50 are 
used, individual identification signals are contained 
in the command signal for control of the lighting 
direction from the lighting control part 13, whereby 

w a lighting projector 50 to be controlled can be 
selected, and moreover the lighting direction of the 
lighting projector 50 thus selected can be con- 
trolled. In this case, a plurality of places can be lit 
up on the basis of one object. 

75 A place standing in a specific positional rela- 

tionship to the moving object may also be lit up. 

For example, if the coordinate position of the 
supersonic wave transmitter 30 is regarded as 
(x,y,z) as illustrated in FIG. 8, a place represented 

20 by a coordinate position (X , ,Y , ,Z f ) defined by spe- 
cific equations of X' = x + a, Y' = y + b and T = 
z + c can be lit up, whereby the place standing in 
the specific positional relationship to the moving 
object can be lit up. 

25 When 4 lighting projectors by way of example 

are used to control them, 4 places A, B, C and D 
standing in specific positional relationships to the 
supersonic wave transmitter 30 and defined by the 
following equations (5) to (8) may be lit up as 

30 illustrated in FIG. 9. 

Place A (5): X1 = x, Y1 = y + a and Z1 = z; 
Place B (6): X2 = x + a, Y2 = y and Z2 = z; 



-35 



40 



Place C (7): X3 = x, Y3 = y - a and Z3 = z; 
and 

Place D (8): X4 = x - a, Y4 = y and Z4 = z. 



As described above, when a place standing in 
a specific positional relationship to the object is lit 
up, it is natural that the lighting place should move 
with the object. 

45 The lighting may be performed in such a form 

that the positional relationship varies with time us- 
ing the object as a basis for position. 

For example, if 4 lighting projectors 50A, 50B, 
50C and 50D are used as illustrated in FIG. 10, 

50 they may be controlled in such a manner that at 
the time t1, the lighting projectors 50A, 50B, 50C 
and 50D light up respectively places of coordinate 
positions (X1,Y1,Z1), (X2.Y2.Z2), (X3,Y3,Z3) and 
(X4,Y4,Z4), and at the time t2 after a fragment of 

55 time of A t has gone on, the lighting projectors 
50A, 50B, 50C and SOD light up respectively 
places of coordinate positions (X4,Y4,Z4), 
(X1.Y1.Z1), (X2,Y2,Z2) and (X3.Y3.Z3). 
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In this case, the movement of places to be lit 
up by the individual lighting projectors can be 
performed in any given form such as a momentary 
change, gradual change or change by steps. 

The second embodiment of the present inven- 
tion will hereinafter be described. 

FIG. 11 explanatorily illustrates an automatic 
control system for lighting projectors according to 
the second embodiment of the present invention. In 
this embodiment, supersonic wave transmitters 30 
are separately held by two objects moving on the 
stage 2, and two lighting projectors 50 are pro- 
vided. 

A timing-system control part 11 in a central 
control unit 10 fulfills a function of sending a trans- 
mission command signal to the effect that two 
kinds of radio wave signals identified correspond- 
ingly to the individual supersonic wave transmitters 
30 are alternately transmitted, to a radio wave 
transmitter 20. 

The radio wave signals identified may be sig- 
nals different in frequency by way of example. 
However, they may be radio wave signals having 
the same frequency, but separately containing 
identification components preset on each of the 
supersonic wave transmitters 30. 

A supersonic wave sensor 31 in each of the 
supersonic wave transmitters 30 separately held by 
the two objects fulfills a function of detecting the 
radio wave signal identified correspondingly thereto 
from among the identified radio wave signals trans- 
mitted by the radio wave transmitter 20. The super- 
sonic wave transmitter 30 transmits the supersonic 
wave by detecting such a radio wave signal. 

Further, a start command signal is sent from 
the timing-system control part 1 1 to all supersonic 
wave detecting devices 40 irrespective of the iden- 
tified radio wave signals at the same time as the 
sending of the transmission command signal from 
the central control unit 10. 

With respect to the two lighting projectors 50, 
individual identification signals corresponding to the 
plural lighting projectors 50 are contained in their 
corresponding command signals for control of the 
lighting direction from a lighting control part 13 as 
with the embodiment described above, whereby a 
lighting projector 50 to be controlled is selected 
according to the identification signal, and the light- 
ing projector 50 thus selected is controlled to shift 
the projecting direction of light beams. 

Features other than those described above are 
the same as those in the first embodiment. 

According to the control system of such con- 
stitution, the lighting directions of the two lighting 
projectors 50 can be controlled using the two ob- 
jects as respective bases for position in basically 
the same manner as in the first embodiment. 
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For example, two kinds of identified radio wave 
signals separately corresponding to the supersonic 
wave transmitters 30 held by both objects are 
alternately transmitted each 2.5 to 10 times, prefer- 

5 ably 5 to 10 times per second according to the 
transmission command signal from the timing-sys- 
tem control part 11 in the central control unit 10, 
whereby the positions of the objects can be lo- 
cated, and the lighting directions of the lighting 

w projectors 50 can be controlled correspondingly. 

In this embodiment, the specific places and 
forms of lighting by the lighting projectors 50 may 
also be variously preset like the first embodiment. 
More specifically, it is possible to light up moving 

75 objects, places standing in specific positional rela- 
tionships to the moving objects and places stand- 
ing in positional relationships varying with time to 
the moving objects. 

In this embodiment, a specific lighting projector 

20 50 need not be always controlled in relation to a 
specific supersonic wave transmitter 30 or object. 
As needed, a supersonic wave transmitter used as 
a basis for position may be changed to another 
supersonic wave transmitter. 

25 Further, a specific supersonic wave transmitter 

30 may be used as a common basis for position to 
control a plurality of lighting projectors 50. 

As described above, no particular limitation is 
imposed on the number of objects and the number 

30 of lighting projectors in this embodiment. However, 
if the number of objects is great, a time interval 
between one control operation from the collection 
of a positional data as to an object to control of the 
lighting direction of a lighting projector according to 

35 the data and the next control operation becomes 
longer. 

Since the time density of control must be ac- 
tually at least 2.5 times per second (400 msec or 
shorter in terms of time interval), the number of 

40 kinds of identified radio wave signals from the 
common radio wave transmitter 20 are selected 
according to this condition. For example, if a time 
interval in the transmission of the radio wave signal 
is 50 msec, it is preferred that the kinds of the 

45 identified radio wave signals be 8 or fewer. In this 
case, the number of objects or supersonic wave 
transmitters to be processed by one control system 
amounts to 8 or fewer. 

If this embodiment is applied to still more ob- 

50 jects, it is only necessary to use a plurality of the 
control systems according to this embodiment. In 
this case, it is necessary to discriminate among 
frequencies of radio wave signals from radio wave 
transmitters and supersonic waves transmitted from 

55 supersonic wave transmitters in individual control 
systems so as to avoid the cross of communication 
between the control systems. It goes without say- 
ing that a central control unit may be used in 

9 
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common in the plural control systems so long as it 
has a sufficient capacity. 

Claims 

5 

1. An automatic control system for a lighting pro- 
jector, comprising: 

a central control unit; 

a radio wave transmitter for transmitting a 
radio wave signal according to a transmission w 
command signal from the central control unit; 

a supersonic wave transmitter held by a 
moving object and adapted to transmit a su- 
personic wave by detecting the radio wave 
signal; 75 

a plurality of supersonic wave detecting 
devices each having a time counter which is 
initialized by a start command signal from the 
central control unit to start instrumentation, 
adapted to stop the instrumentation of the time 20 
counter by detecting the supersonic wave 
transmitted from the supersonic wave transmit- 
ter, and disposed in different stationary posi- 
tions; and 

a lighting projector provided in a stationary 25 
position and having a drive mechanism for 
shifting its lighting direction, 

said central control unit including: 
a timing-system control part, which sends 
out a transmission command signal to the ef- 30 
feet that a radio wave signal is intermittently 
transmitted, to the radio wave transmitter, and 
at the same time as the sending of the trans- 
mission command signal, the start command 
signal to the time counters in all the super- 35 



sonic wave detecting devices; 

an arithmetic part for calculating a coordi- 
nate position of the object in a space coordi- 
nate system preset on the basis of time data 
according to the time determined by the time 40 
counters in the supersonic wave detecting de- 
vices and positional data according to coordi- 
nate positions occupied by the supersonic 
wave detecting devices in the space coordi- 
nate system; and 45 

a lighting control part for sending out a 
command signal for control of the lighting di- 
rection of the lighting projector on the basis of 
a positional data according to the thus-cal- 
culated coordinate position of the object and a 50 
positional data according to a coordinate posi- 
tion of the lighting projector in the space co- 
ordinate system. 

An automatic control system for a lighting pro- 55 
jector, comprising: 

a central control unit; 

a radio wave transmitter for transmitting 



radio wave signals according to transmission 
command signals from the central control unit; 

supersonic wave transmitters separately 
held by two or more moving objects and 
adapted to transmit respective supersonic 
waves by detecting the radio wave signals 
identified correspondingly to the supersonic 
wave transmitters; 

a plurality of supersonic wave detecting 
devices each having a time counter which is 
initialized by a start command signal from the 
central control unit to start instrumentation, 
adapted to stop the instrumentation of their 
corresponding time counters by detecting the 
supersonic wave transmitted from the super- 
sonic wave transmitter, and disposed in dif- 
ferent stationary positions; and 

at least one lighting projector provided at 
stationary position and having a drive mecha- 
nism for shifting its lighting direction, 

said central control unit including: 

a timing-system control part, which sends 
out a transmission command signal to the ef- 
fect that radio wave signals identified corre- 
spondingly to the supersonic wave transmitters 
are transmitted alternately, to the radio wave 
transmitter, and at the same time as the send- 
ing of the transmission command signal, the 
start command signal to the time counters in 
all the supersonic wave detecting devices; 

an arithmetic part for calculating coordi- 
nate positions of the objects in a space coordi- 
nate system preset on the basis of time data 
according to the time determined by the time 
counters in the supersoni c w a v g Hptprting 



vices and positional data according to coordi- 
nate positions occupied by the supersonic 
wave detecting devices in the space coordi- 
nate system; and 

a lighting control part for sending out their 
corresponding command signals for control of 
the lighting directions of the lighting projectors 
on the basis of positional data according to the 
thus-calculated coordinate positions of the ob- 
jects and positional data according to coordi- 
nate positions of the lighting projectors in the 
space coordinate system. 

3. The automatic control system according to 
Claim 1 or 2, wherein the arithmetic part in the 
central control unit processes time data from 
the supersonic wave detecting devices pro- 
vided in three different positions, thereby cal- 
culating the coordinate position or positions of 
the object or objects. 

4. The automatic control system according to 
Claim 1 or 2, wherein the arithmetic part in the 
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central control unit processes time data from a 
plurality of the supersonic wave detecting de- 
vices which do not exist on a common plane, 
thereby calculating the coordinate position or 
positions of the object or objects. 5 

5. The automatic control system according to any 
one of Claims 1-4, wherein the command sig- 
nal for control of the lighting direction from the 
central control unit is a signal to the effect that 10 
the lighting projector is controlled so as to light 

up its correspond object. 

6. The automatic control system according to any 

one of Claims 1-4, wherein the command sig- 75 
nal for control of the lighting direction from the 
central control unit is a signal to the effect that 
the lighting projector is controlled so as to light 
up a place standing in a specific positional 
relationship to its corresponding object. 20 

7. The automatic control system according to any 
one of Claims 1-4, wherein the command sig- 
nal for control of the lighting direction from the 
central control unit is a signal to the effect that 25 
the lighting projector is controlled so as to light 

up a place standing in a positional relationship 
varying with time in a predetermined form on 
the basis of its corresponding object. 

30 

a The automatic control system according to 
Claim 1 or 2, wherein a time interval of the 
radio wave signal transmitted from the radio 
wave transmitter and corresponding to a spe- 
cific supersonic wave transmitter is 400 msec 35 
or shorter. 
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